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The experiments f o r  t h e  de t ec t ion  o f  lunar ionosphere,  c a r r i e d  out  on 
LUNA-10, were based upon t h e  use  of two t r a p s  f o r  t h e  r e s p e c t i v e  r e g i s t r a t i o n s  
of  low-energy p o s i t i v e  ions  and e l ec t rons .  The r e s u l t s  o f  observa t ion  of  zones 
of  i nc reased  concent ra t ion  are discussed.  
bably s t i l l  a r e  cons iderably  over ra ted  ( n i  .6 100 
i s  due t o  s i d e  e f f e c t s  t o  be discussed i n  subsequent papers .  
The f i n a l  results a r r i v e d  a t  pro- 
and ne < 300 ) ,  which 
* 
* *  
Among other devices, two charged par t ic le  traps were ins ta l led  on AMS 
"LUNA-lo", which were designed for  the reg is t ra t ion  of posi t ive ions and elec- 
trons of low energies [ l ] .  
traps are  presented i n  the current communication. 
Preliminary data obtained with the aid of these 
Two hypotheses on the existence near the Moon of a region with high con- 
centration of charged par t ic les  by comparison with interplanetary space, i. e. 
of lunar ionosphere, was based upon the fact tha t  the gravitational f i e l d  of 
the Moon i s  suff ic ient  t o  r e t a in  the atoms of heavy gases (for example, argon), 
of which the source may be i n  the solar plasma fluxes as well as i n  radioactive 
decay of potassium. 
Moon (neutralized solar  wind protons) may also create a cer ta in  concentration 
of low-energy protons near the Moon as a consequence of charge-exchange with 
the posi t ive ions of the so la r  wind. 
Besides, hydrogen atoms, vaporizing from the surface of the 
Calculations of [2  -41 fo r  various model ionospheres lead t o  charged par- 
t i c l e  concentration within the limits 5 * 101 - 103 cm-3 . Experimental zstimates 
( * A )  HEEUL'TATY EKSPERIMENTOV PO OBNARUZHENIYU LUNNOY IONOSFERY PROVEDEN- 
N Y U I  NA PERVOM ISKUSSTVENNOM SPUTNIKE LUNY 
. 
2 
of the upper l i m i t  of e lectron concentration ne  i n  the near-lunar space were 
obtained by observation of radiowave re f rac t ion  durinc; e c l i  se by the Moon of 
a series of radiosources. 
of the height h of uniform atmosphere from 80 t o  5000 km was obtained i n  1956 
from Crab Nebula ec l ipse  observation [ S I .  By observing the ec l ipse  of radio- 
source 3C 273 i n  1963, the upper l i m i t  of ne near the Moon was lowered t o  
100 - 200 c i f 3  ( i n  the assumption tha t  h % 80 h) [b, 71. 
d i r e c t  measurementsof charged pa r t i c l e  concentration i n  the ionosphere of the 
Moon a r e  aggravated by the uncertainty of information r e l a t i v e  t o  s a t e l l i t e ' s  
electric poten t ia l .  In connection w i t h  t h i s ,  two t raps  were applied aboard 
LUNA-10: one designed t o  measure the  concentration of thermal pos i t ive  ions,  
whose r eg i s t r a t ion  i s  possible provided the s a t e l l i t e ' s  po ten t ia l  + s a t  4 0 ,  
the other  destined t o  the measurement of the concentration of  thermal e lec-  
trons when @sata 0. The c i r c u i t s  of the 
t raps  and the values of voltages i n  elec- 
trodes r e l a t i v e  t o  satel l i te  frame are 
schematized i n  Fig.1. The ion t r ap  (a) 
is a modulation t rap ;  it consis ts  of two 
iden t i ca l  t raps  with interconnected col- 
l e c t o r s ,  c lose by t h e i r  construction t o  
the t r ap  described i n  [ 8 ] .  Such a con- 
s t r u c t i o n  allowed us t o  s ign i f icant ly  ex- 
parid the angular cha rac t e r i s t i c  o f  the 
t rap .  
gular  shape from -3 t o  + 7 v was f ed  t o  
the  modulation gr id .  
ponent of co l lec tor  current  was reg is te r -  
ed by a resonance amplif ier ,  tuned t o  the 
modulation frequency. 
t -  Thus, the estimate ne % l o '  - 1 0  c m  3as a function 
Ucsides the smallness of the quantity determined, t h e  d i f f i c u l t i e s  of a 
Q & 3 4 
An a l t e r n a t e  voltage of rectan- 
The var iable  com- 
Fig. 1 
Compared t o  the three-electrode t raps  with constant potent ia l  i n  e lec t ro-  
des ,  i n s t a l l e d  on other  Soviet spacecrafts [8, 91, some changes were introdu- 
ced i n  the  construction of the present t r ap  so as t o  decrease the outer g r id ' s  
photocurrent and reduce the d e t a i l s  of i t s  fastening.  The poten t ia l s  of outer 
gr ids  of  the t raps  were changed once every two minutes i n  a jump-like fashion 
and cons t i tu ted  e i t h e r  0 ,  o r  50 v f r o  the e lec t ron  t r ap .  A t  t r a p ' s  amplifier 
output the s igna l  was proportional t o  co l l ec to r  current  when the l a t t e r  i s  nega- 
t i v e ,  and was absent when the current was posi t ive.  
The diposi t ion of t raps  aboard LUNA-10 and the  Moon's project ion on the 
e c l i p t i c  plane f o r  the considered moments of time a r e  schematically represented 
in  [l]. 
If the speed of the spacecraft  exceeds the thermal veloci ty  of ions o r  
c lose t o  i t s  average, the ion t rap  current Ip depends e s sen t i a l ly  on the o r i -  
en t a t ion  of the plane t r ap  r e l a t i v e  to  veloci ty  vector.  Measurements of co l -  
l e c t o r  currents  i n  each of t h e  t raps  were conducted once every 2 min f o r  
radiocornmunication sessions,  as s a t e l l i t e ' s  ro t a t ion  period was % 40 sec ,  I t  
is q u i t e  possible tha t  precisely because of t ha t  the values of I, varied r a the r  
i r r e s u l a r l y .  The bulk of readings (of the  t o t a l  number % 450) l i e d  within the 
l i m i t s  from 3 - 5 .10-12a. 
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Plot ted i n  Fig.2 a r e  the  values of I, measured i n  interplanetary space (A) 
and during the Moon's sojourn i n  the assumed extension of Earth 's  magnetosphere 
t a i l  [l] a t  various a l t i t u d e s  H from the surface of the Moon (b) From the graph 
constructed by u t i l i z i n g  the values of Ip obtained during various s a t e l l i t e  orb 
b i t s  around the Moon, it may be seen tha t  there  is no notable dependence of Ip 
on H.  Comparison of values of Ip  during the sojourn of the Moon i n  the magne- 
tosphere t a i l  and i n  interplanetary space corroborates the  conclusion made i n  
[ l ]  on the difference i n  the fluxes of charged p a r t i c l e s  i n  these regions of  
space on the Moon's o r b i t .  Thus, i n  the first case the mean value of I, is 
I,' - (2.3 kO.1) 10-12a, 
and i n  the second case it is 
Ip" = (3.1 kO.1) a 10-I2a.  
I f  we consider t ha t  the current  of the modulation t r ap  is  determined only 
by thermal ions (see fur ther  about another p o s s i b i l i t y ) ,  w e  may estimate by the 
measured values of I p  the upper l i m i t  of  t h e i r  concentration assuming @sat,< 0 
and t h a t  the maximum values of Ipcorresyond t o  the  coincidence of the noma1 t o  
co l l ec to r  t rap  with the d i r ec t ion  of velocity vector.  The scanning sec tor  of 
t h i s  t r ap  (0.1 a t  l eve l )  cons t i tu tes  2, ' / 3  of the e n t i r e  space and t h i s  is  why 
the l a t t e r  assumption appears t o  be qui te  probable provided a large number of 
measurements a t  various port ions of the o r b i t  around the Moon is taken in to  ac- 
count. 
The e f fec t ive  area of the co l lec tor  t r ap  cons t i tu tes  1 4  cm2. Taking i n t o  
account a l l  the  above considerations,  the m a x i m u m  values of I p  give an estimate 
of  the upper l i m i t  of ion concentration n i  2, 100 an- ', provided we consider the 
d i rec ted  veloci ty  of the s a t e l l i t e  Cs1 km/sec) much grea te r  than the thermal ve- 
l o c i t y  of ions,  i n  other  words, i f  we consider the Moon's ionosphere consis t ing 
of  heavy ions. But i f  the ionosphere cons is t s  of hydrogen ions with temperature 
Q l o 3  - lO"'K, t h i s  estimate w i l l  have t o  be lowered by 2 t o  3 times. 
The e lec t ron  t r ap  current  Ie f luctuates  i n  most of the measurement sessions 
within a broad range, from lo- ' '  t o  2 . 2  - lo- '  a (see Fig.3). 
be subdivided i n t o  two sharply d i f fe r ing  . lO-'a) and the "small 'kurrents (1- 9)' 10- 
near ly  never met with. 
A l l  readings may 
the "large" currents (1.8 - 2 . 2 )  
E O U P S  : a ,  and the intermediate values a re  
The "large" values of I, are apparently explained by photoelectron f lux  h i t -  
t i n g  the t r ap  i n  the s a t e l l i t e  rotat ion process; these photoelectrons are emitted 
under the  ac t ion  of s o l a r  radiat ion from- the c loses t  portions of  spacecraf t ' s  sur-  
face.  Estimate of photocurrent from t r ap ' s  g r ids ,  taking in to  account laborato- 
ry measurements, give ( 3 - 4 )  lo - ' '  a. The "small" values of Ie are a l so  d i f f e r -  
ing notably when the Moon is located in  the Ear th ' s  magnetosphere t a i l  (Fig.3b). 
Thus, t h e  mean value of I, i n  the magnetosphere is equal t o  (4.8 * 0.1) - l o - '  ' a ,  
while i n  interplanetary space 1, does not drop below 4 10-"a amd i ts  mean value 
is  (7 .220.1)  a. 
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Fig.  2 
Interpret ing the "small" values of currents as i f  they were induced by 
i so t ro  i c  fluxes of e lectrons,  and assuming +sat, 2 0 ,  it i s  possible t o  es t i -  
space. Taking in to  account the possible s h i f t  of the zero level on account of 
the  t r ap  being h i t  by fluxes of ions with E > 20 ev,  the estimate of concentra- 
t i o n  of electrons with energy E % 1 ev gives ne 'L 80 cm-3 f o r  the Moon located 
i n  interplanetary space and ne 'L 60 an- fo r  the Moon i n  the Earth 's  mcigneto- 
sphere. 
mate t f: e upper boundary of low-energy electron concentration i n  the near-lunar 
I t  is  of i n t e r e s t  t o  estimate the  values of ne by the  da ta  obtained during 
the session of 3 May 1966, when the  s a t e l l i t e  was i n  Moon's shadow and the pho- 
tocurrent must have been absent. In t h i s  session the current of the e lec t ron  
t r ap  f e l l  by 'L 2 
gives ne 'L 15- 20 c m - ?  I t  is possible, however, t ha t  the current decrease i n  
the e lec t ron  t r ap  is  the consequence of s a t e l l i t e  po ten t ia l  s h i f t  toward the 
negative values (because of cessation of photoemission from i ts  surface].  
l o - "  a which, t a  ing in to  account the indicated zero s h i f t ,  
We should point  t o  a s e r i e s  of e f fec ts  taking place during measurements 
with the modulation and electron t raps ,  the accounting of which being suscept- 
i b l e  t o  lead t o  d i f f e ren t  explanations of the or ig in  of the observed electrons,  
and, consequently, t o  a decrease of the 
indicated estimates of the upper l i m i t  
of concentration of thermal charged par- 
ticles i n  the Moon's ionosphere. Flux 
modulation of ions with energy E > eU, , 
being the a l t e r n a t e  voltage on the 
mDdulation g r id ,  may take place t o  a 
ce r t a in ,  though small degree, i n  the mo- 
dulat ion t rap  during an incl ined inc i -  
dence of the beam of charged pa r t i c l e s .  
A rough computation fo r  the t r ap  under 
consideration shows t h a t  the cu r ren t ' s  
var iable  component is  proportional t o  
thousandths of f rac t ions  of so l a r  wind's 
proton fltLu. Assuming fo r  the estimate Fig.  3 
the maximum value of s o l a r  wind f lux ,  
measured by in t eg ra l  t raps  on LUNA-10 [ l ] ,  we s h a l l  obtainefor the energy of 
protons % 200 ev a value of cur ren t ' s  var iable  component I 'L 3 
is  c lose  t o  the r e a l l y  observed value of I . 
the absence of noticeable dependence of mosulation t r a p ' s  current  on outer  g r id  
potnnt ia l  and the absence of a notable a l t i t u d e  course of the current ,  a r e  a l so  
evidence i n  favor of the assumption tha t  the modulation t r a p ' s  var iable  current  
is induced by a f lux  of ions with ehergy subs tan t ia l ly  exceeding the thermal 
energy. I t  is obvious tha t  the accounting of the fac tors  indicated may only 
lead t o  lowering the above estimate of the upper l i m i t  of concentration of t he r -  
mal ions. 
6 
t- 
5 8192.5 c 
a , which 
A s e r i e s  of other f ac t s ,  such as 
The estimate of the value of ne by the da ta  of e lectron trap must be cor-  
rected by the value of the possible "interception" of low-energy electrons by 
other  e lectrodes of the t rap .  According t o  da ta  of preliminary laboratory in -  
vest igat ions f o r  e lectrons with energy E % 1 ev, the above estimates of ne must 
apparently be of necessi ty  increased by 3 t o  4 times. On the other hand, it i s  
not possible t o  exclude the poss ib i l i t y  t ha t  p a r t  of the electron t r ap  current  
is induced by the flux of photoelectrons from the surface of the s a t e l l i t e .  
Taking t h i s  circumstance i n t o  account can only lead t o  a lowering of the obtain- 
ed estimate of the upper l i m i t  of ne. 
I t  may be assumed tha t  the estimates of the upper l i m i t  of concentration of 
thermal charged p a r t i c l e s  i n  the near-lunar space according t o  data of the ion 
(n i  - < 100 
notably overrated as a consequence of the influence of the indicated s ide  e f f e c t s ,  
of which a more de ta i led  discussion w i l l  be car r ied  out i n  the future .  
as w e l l  as of the electron (ne 300 crnd3) t raps  a r e  much ra ther  
Received on 1 4  July 1966 
References follow ... 
*. '. , '. 
ST -LPS -LA -10695 
R E F E R E N C E S  
1. K.  I. GRINGAUZ,  V. V. BEZRUKIKH, M. Z .  KHOKHLOV, ET AL.. DAN, 170, 3 1966. 
2. W. BERNSTEIN. Space Physics, N . Y .  London, Sydney, p.397, 1964. 
3. 
4 .  F. J .  H I N T O N ,  D. R .  TAEUSCH. J. Geophys. Res., 69, No.7, 1341, 1964. 
5 .  B. ELSMORE, A. G .  SCHEVER., Phi l .  Mag. 2 ,  No.20, 1040, 1957. 
6. C .  HAZARD, M.  B. MACKEY, A. Y .  SHIMMINS. Nature,  197, No.4872, 1037, 1963. 
7. J. A.  BAILY, N .  J. B. A .  BRANSON ET AL. Nature, a, No.4921, 755, 1964. 
8. V .  V.  BEZRUKIKH, K.  I .  GRINGAUZ ET AL. DAN, J&, No.4, 873, 1965. 
9. K.  I .  GRINGAUZ ET AL. ISZ (AES), vyp.12, 119, 1962. 
-
E. J. OPIK. P lane tary  Space Sei., - 9 ,  211, 1962. 
-
- 
-
CONTRACT No.NAS-5-12487 
1145 - 19th St .  NW 
VOLT TEalNICAL CORPORATION 
WASHINGTON D.C. 20036 
Telephone: 223-6700 (X-36) 
Translated by ANDRE L. BRICHANT 
on 1 April 1968 
